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(54) THIN, MESHY POROUS BODY AND METHOD OF MANUFACTURING THE POROUS BODY 



(57) This invention provides a thin meshy porous 
body which is made of a metal, a resin, or paper, and 
which may be suitably used as a core member for a bat- 
tery electrode or various filter members. Front and rear 



faces of a thin plate member are embossed so that con- 
cave and convex portions of a conical shape are oppo- 
site to each other, and an opening is formed in a tip end 
of each of the convex portions In at least one face. 
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Description 

Technical Field 

[0001] The present invention relates to a thin meshy 
porous body which is made of a metal, a resin, or paper, 
and which may be used as a core member for a battery 
electrode, various filter members, or the like, and also 
to a method of manufacturing such a thin meshy porous 
body. 

Background Art 

[0002] Conventionally, as a thin meshy porous body 
which is made of a metal, and which is used as, for ex- 
ample, a porous electrode core member for a nickel- 
metal-hydride battery or the like, or various filter mem- 
bers such as an air filter or an oil mist filter, there are a 
perforated metal and a foamed metal. 
[0003] In a perforated metal, the framework is formed 
by a pressing process. Therefore, a perforated metal 
has merits that its tensile strength is high, that the frame- 
work is firm, and that its continuous processing property 
is excellent. By contrast, perforations are two-dimen- 
sionaily formed, and, when a perforated metal is used 
as a core memberfor a battery electrode, the perforated 
metal has therefore demerits such as that the volume of 
the active material is reduced, that the weight of the per- 
forated metal in the electrode core member is large, and 
that it is difficult to form minute perforations and minute 
pitches. On the other hand, a foamed metal is obtained 
by conducting an electroless plating process on a sub- 
strate such as urethane foam to provide the substrate 
with electrical conductivity, then performing electroplat- 
ing, and thereafter decomposing and removing the sub- 
strate. According to the configuration, three-dimension- 
al continuous perforations are formed. When a foamed 
metal is used as a core member for a battery electrode, 
therefore, an active material can be filled at a high den- 
sity. However, foamed metal has demerits such as that 
the framework is thin and fragile and hence it is difficult 
to handle a foamed metal, that the framework has a very 
thin fibrous shape and therefore the flatness Is hardly 
attained, that manufacturing steps are large In number 
and cumbersome and require a prolonged time period, 
and that it is difficult to manufacture a long member. 
[0004] Therefore, it is an object of the invention to pro- 
vide a thin meshy porous body which Is made of a metal, 
a resin, or paper, which has a section of a three-dimen- 
sional structure and a high porosity, which has minute 
pitches, minute openings, and a firm framework, and 
which is light in weight. It is another object of the inven- 
tion to provide a method of manufacturing a thin meshy 
porous body made of a metal, a resin, or paper which 
can continuously process a long thin porous body. 



Disclosure of Invention 

[0005] In the thin meshy porous body of the invention, 
front and rear faces of a thin plate member of a metal, 

5 a resin, or paper are embossed so that concave and 
convex portions of a conical shape such as a pyramidal 
shape or a circular conical shape are opposite to each 
other, and an opening is formed in a tip end of each of 
the convex portions in at least one face. 

10 [0006] In the thus configured thin meshy porous body, 
because of the conical concave and convex portions 
which are formed in the front and rear faces so as to be 
opposite to each other, and the openings disposed in 
the tip ends of each convex portion in at least one face, 

1$ a section has a three-dimensional structure, the porosity 
is high, and the framework is firm although the body is 
a very thin plate and has a reduced weight. Because of 
the conical concave and convex portions, it is possible 
to obtain a porous body having minute pitches and 

20 minute openings. 

[0007] When the thin meshy porous body made of a 
metal which has a three-dimensional structure and a 
high porosity, which Is a very thin plate, and which has 
a reduced weight is used as a porous electrode core 

2s member for a nickel-metal-hydride battery or the like, 
the filling amount of the active material can be enlarged 
so that the capacity is increased, and the conductivity 
with respect to the active material is improved, whereby 
a large capacity and a high output can be obtained. The 

30 porous electrode core member which is configured by a 
firm framework can sufficiently endure volume expan- 
sion occurring in a charging or discharging process, and 
is not cracked or broken even when the member is 
scrolled or bent so as to agree with a cylindrical or rec- 

35 tangular shape of a battery. Since a porous body which 
is made of a metal, a resin, or paper, and which has 
minute pitches and minute openings is obtained, the 
body can be suitably used also as various filter mem- 
bers, a support for an industrial deodorizing catalyst, or 

40 the like. 

[0008] In manufacturing of the thin meshy porous 
body of the invention, a thin plate member of a metal, a 
resin, or paper Is passed between a pair of embossing 
rolls which are rotated In opposite directions In a state 

45 where many conical projections formed on surfaces of 
the rolls are engaged with each other, to emboss front 
and rear faces of the thin plate member so that conical 
concave and convex portions are opposite to each oth- 
er, and at the same time an opening is formed In a tip 

so end of each of the convex portions In at least one face. 
According to this configuration, the thin plate member is 
manufactured by positive molding, and hence the 
framework is-firm r and also the tensile strength is excels 
lent. Therefore, it is possible to continuously process a 

55 long porous body. 
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Brief Description of Drawings 
[0009] 

Fig. 1 is a plan view of a part of a porous body. 
Fig. 2 is an enlarged plan view of a part of the porous 
body. 

Fig. 3 is a section view taken along the line A-A in 
Fig. 2. 

Fig. 4 is a section view taken along the line B-B in 
Fig. 2. 

Fig. 5 is a front view of a pair of embossing rolls 
which are used in a method of manufacturing the 
porous body. 

Fig. 6 is a section view of opposed portions of the 
pair of embossing rolls shown in Fig. 5. 

Best Mode for Carrying Out the Invention 

[001 0] In a thin meshy porous body 1 0 made of a met- 
al according to the invention, as shown in Figs. 1 to 4, 
the front and rear faces of a thin plate member 11 of a 
metal such as iron, stainless steel, nickel, copper, or alu- 
minum are embossed so that concave and convex por- 
tions 12 and 13 of a conical shape such as a quadran- 
gular pyramid, a triangular pyramid, or a circular cone 
are opposite to each other, and an opening 14 is formed 
in a tip end of each of the convex portions 3 in at least 
one face as shown in the illustrated example. The po- 
rous body exhibits a mesh-like shape as a whole. Alter- 
natively, the opening 14 may be formed in a tip end of 
each of all the convex portions 13 in both the front and 
rear faces, not only of the convex portions 1 3 in the one 
face. 

[0011] The thin plate member 11 has a thickness of 
80 urn or less, preferably 10 to 50 um. In the illustrated 
example, the opening 1 4 of each of the convex portions 
13 is formed into a substantially square shape. In this 
case, the longitudinal length (Y) is 360 to 510 um, the 
lateral length (X) is 365 to 51 0 um, and the opening ratio 
is 45 to 60%. 

[0012] The metal porous body 10 is manufactured in 
the following manner. As shown in Figs. 5 and 6, a thin 
metal plate member 1 is interposed between a pair of 
upper and lower embossing rolls 16 and 17 which are 
rotated In opposite directions In a state where many con- 
ical projections 15 formed on the surfaces of the rolls 
are engaged with each other, to emboss the front and 
rear faces of the metal plate member 1 1 while presslngly 
feeding the plate member, so that the conical concave 
and convex portions 1 2 and 1 3 are opposite to each oth- 
er, and at the same time the tip end of each of the convex 
portions 13 in at least one face is broken through by the 
tip end of the corresponding conical projection 1 5 to 
form the opening 14 in the tip end of the convex portion 
13. 

[0013] The conical projections 15 formed on the em- 
bossing rolls 1 6 and 1 7 are shaped into a quadrangular 



pyramid, a triangular pyramid, a circular cone, or the 
like. In the case where the conical projections 15 have 
a shape of a quadrangular pyramid, the concave and 
convex portions 12 and 13 are formed into a quadran- 
s gular pyramidal shape, and at the same time the tip end 
of each of the convex portions 13 is broken through by 
the tip end of the corresponding conical projection 5 to 
form the opening 14 which has a substantially rectan- 
gular shape. At this time, the convex portion 13 have a 
petaloid shape in which four petaloid shaped pieces 1 3a 
are developed. Since the projections 15 formed in the 
surfaces of the embossing rolls 1 6 and 1 7 are formed 
into a conical shape such as a quadrangular pyramid, a 
triangular pyramid, or a circular cone, the concave and 
convex portions 12 and 13 can be formed at minute 
pitches which are as small as possible, and the minute 
opening 1 4 can be formed in each of the convex portion 
13, so that the opening ratio can be enhanced. 
[001 4] In the metal porous body 1 0, the front and rear 
faces are embossed so that the conical concave and 
convex portions 12 and 13 are opposite to each other, 
and the opening 14 is formed in the tip end of each of 
the convex portions 1 3. When the metal plate member 
11 has a thickness of 1 0 to 50 um, therefore, the section 
structure can be three-dimensionally formed to a degree 
of a thickness (H) of about 550 pm (see Fig. 3), and 
hence it is possible to obtain the metal porous body 1 0 
of a high porosity. When the metal porous body 10 is 
used as a porous electrode core member for a nickel- 
metal-hydride battery, a lithium-ion battery, a lithium pol- 
ymer battery, a nickel-cadmium battery, or the like, 
therefore, the filling amount of the active material can 
be enlarged so that the capacity is increased, and the 
conductivity with respect to the active material is im- 
proved, whereby a large capacity and a high output can 
be obtained. Since a metal porous body of minute pitch- 
es and minute openings can be obtained, moreover, the 
metal porous body may be suitably used as, in place of 
a porous electrode core member, for example, various 
filter members such as an air filter which is a vaporiza- 
tion accelerating part of a kerosene fan heater, or a filter 
of an oil mist separator, a support for an industrial deo- 
dorizing catalyst, or various electromagnetic wave 
shield members. The porous body Is not restricted to a 
body made of a metal , and the Invention may be similarly 
applied also to a porous body of a resin, paper, or the 
like. 

[0015] Hereinafter, Examples 1 to 6 of the metal po- 
rous body 10 will be described. 

Example 1 

[0016] In the metal plate member 11 having a thick- 
ness of 25 um made of iron (SPCC), the front and rear 
faces are embossed so that the concave and convex 
portions 12 and 13 having a quadrangular pyramidal 
shape are opposite to each other, and the opening 14 
having a substantially rectangular shape is disposed in 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 289 034 A1 



6 



the tip end of each of the convex portions 13 in only one 
face. In this case, with respect to the diameter of the 
opening 14, the longitudinal length (Y) is 382.9 jam, the 
lateral length (X) is 380,5 urn, the opening ratio is 
54.03%, and the thickness (H) after the process (see 
Fig. 3) is 490.2 urn. 

Example 2 

[0017] In the metal plate member 11 having a thick- 
ness of 25 u.m made of iron (SPCC), the front and rear 
faces are embossed so that the concave and convex 
portions 12 and 13 having a quadrangular pyramidal 
shape are opposite to each other, and the opening 14 
having a substantially rectangular shape is disposed in 
the tip end of each of the convex portions 1 3 in only one 
face. In this case, with respect to the diameter of the 
opening 14, the longitudinal length (Y) is 507.3 the 
lateral length (X) is 514.6 urn, the opening ratio is 
54.03%, and the thickness (H) after the process is 490.2 
urn 

Example 3 

[0018] In the metal plate member 11 having a thick- 
ness of 40 u.m made of an aluminum foil, the front and 
rear faces are embossed so that the concave and con- 
vex portions 12 and 13 having a quadrangular pyramidal 
shape are opposite to each other, and the opening 14 
having a substantially rectangular shape is disposed in 
the tip end of each of the convex portions 1 3 in only one 
face, in this case, with respect to the diameter of the 
opening 14, the longitudinal length (Y) is 365.9 p,m, the 
lateral length (X) is 365.9 u/n, the opening ratio is 
49.57%, and the thickness (H) after the process is 478.0 
urn. 

Example 4 

[0019] In the metal plate member 11 having a thick- 
ness of 40 p.m made of an aluminum foil; the front and 
rear faces are embossed so that the concave and con- 
vex portions 12 and 13 having a quadrangular pyramidal 
shape are opposite to each other, and the opening 14 
having a substantially rectangular shape Is disposed In 
the tip end of each of the convex portions 13 in only one 
face. In this case, with respect to the diameter of the 
opening 14, the longitudinal length (Y) is 482.9 um, the 
lateral length (X) Is 480.5 u/n, the opening ratio is 
49.57%, and the thickness (H) after the process is 478.0 
um 

Example 5 

[0020] In the metal plate member 11 having a thick- 
ness of 20 ujti made of a rolled copper foil, the front and 
rear faces are embossed so that the concave and con- 
vex portions 1 2 and 1 3 having a quadrangularpyramidal 



shape are opposite to each other, and the opening 14 
having a substantially rectangular shape is disposed in 
the tip end of each of the convex portions 1 3 in only one 
face. In this case, with respect to the diameter of the 
5 opening 14, the longitudinal length (Y) is 409.8 ujti, the 
lateral length (X) is 400.0 p.m, the opening ratio is 
54.28%, and the thickness (H) after the process is 485.4 
urn. 



[0021] In the metal plate member 11 having a thick- 
ness of 20 u.m made of a rolled copper foil, the front and 
rear faces are embossed so that the concave and con- 

15 vex portions 1 2 and 1 3 having a quadrangular pyramidal 
shape are opposite to each other, and the opening 14 
having a substantially rectangular shape is disposed in 
the tip end of each of the convex portions 1 3 in only one 
face. In this case, with respect to the diameter of the 

20 opening 14, the longitudinal length (Y) is 509.8 ujti, the 
lateral length (X) is 507.3 (im, the opening ratio is 
54.28%, and the thickness (H) after the process Is 485.4 

UJTI. 



[0022] The thin meshy porous body of the invention 
can be suitably used as a core member for a battery 
electrode, various filter members, or the like. 
30 [0023] According to the method of manufacturing a 
thin meshy porous body of the invention, thin meshy po- 
rous bodies can be easily mass-produced by continuous 
processing. 



1 . A thin meshy porous body characterized In that 
front and rear faces of a thin plate member are em- 
40 bossed so that concave and convex portions of a 
conical shape are opposite to each other, and an 
opening is formed in a tip end of each of said convex 
portions In at least one face. 

45 2. A thin meshy porous body according to claim 1 , 
wherein a thickness of the plate member Is 1 0 to 50 
jim, said concave and convex portions are formed 
into a quadrangular pyramidal shape, said open- 
ings are formed into a substantially square shape, 

so a longitudinal length of said openings Is 360 to 51 0 
pm, a lateral length is 365 to 51 0 jam, and the open- 
ing ratio is 45 to 60%. 

3. A method of manufacturing a thin meshy porous 
55 body, characterized in that a thin plate member is 
passed between a pair of embossing rolls which are 
rotated in opposite directions in a state where many 
conical projections formed on surfaces of said roils 
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are engaged with each other, to emboss front and 
rear faces of said plate member so that conical con- 
cave and convex portions are opposite to each oth- 
er, and at the same time an opening is formed in a 
tip end of each of said convex portions in at least s 
one face. 

A method of manufacturing a thin meshy porous 
body according to claim 3, wherein said conical pro- 
jections are formed into a quadrangular pyramidal 10 
shape, a thickness of the plate member is 10 to 50 
nm, said concave and convex portions are formed 
Into a quadrangular pyramidal shape, said open- 
ings are formed into a substantially square shape, 
a longitudinal length of said openings is 360 to 51 0 is 
urn, a lateral length is 365 to 51 0 \un, and the open- 
ing ratio is 45 to 60%. 
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